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Abstract 
Past research suggests that exercise is associated with improved working memory (WM) 
abilities, and that athletes have better executive functioning and WM skills than non-
athletes. However, no studies to date have separated the effects of exercise from the effects 
of athletic participation when examining WM. This study had three primary goals: (1) to 
determine whether amateur college athletes have better auditory and visual WM than their 
non-athlete peers who exercise frequently and whether non-athlete frequent exercisers have 
better WM than non-athlete infrequent exercisers (2) to determine whether amateur 
participation in particular types of sports (team-based versus solo sports) corresponds to 
differences in auditory or visual WM, and (3) to examine whether gender plays a role in the 
relationships between exercise, athletic participation and WM. This study was a cross-
sectional, correlational design that examined WM in men versus women college students 
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divided into four groups (team-sports athletes, solo-sports athletes, frequent exercisers, and 
infrequent exercisers). 153 college students completed five tests of auditory (Digit Span 
subtest, PASAT) and visual (Spatial Span subtest, N-Back, WCST) WM. Collegiate men who 
participated in team-based sports outperformed collegiate men who participated in solo-
sports in auditory WM. The two non-athlete groups (frequent and infrequent exercisers) 
earned scores between those of the two athlete groups. Male infrequent exercisers 
demonstrated better visual WM than the other three male athlete/exerciser groups. In 
contrast, neither athletic participation nor exercise affected collegiate women’s WM abilities. 
Our results did not support our hypothesis that all types of student athletes would exhibit 
better WM than students who exercise regularly but do not engage in competitive sports. 
Additionally, our data did not indicate that frequent exercise is associated with stronger WM 
skills than infrequent exercise in non-athlete college students. Participation in team-based 
sports was associated with better auditory WM skills than participation in solo sports, but 
this was only true for male, not female, athletes. Thus, gender was an important factor in 
delineating the relationships between exercise, athletic participation and WM.  
Keywords 
Athletes; college student; exercise; working memory 
 
1. Introduction 
Considerable research has supported the cognitive benefits of exercise and physical activity for 
individuals of all ages *1-5+. Cognitive functions that typically improve as a result of moderate to 
vigorous physical activity include attention *6, 7+, short-term and long-term memory *8, 9+ 
cognitive flexibility *10, 11+ and processing speed *12+. 
Researchers have also evaluated the role of exercise in improving working memory (WM), the 
ability to actively monitor, manipulate, and process new incoming information, in both children 
and adults. In one study, children aged seven to nine were randomly assigned to participate in 
either an afterschool physical activity program or a control group. Those who engaged in moderate 
to vigorous physical activity demonstrated improvements in their visual WM, particularly when 
WM demands were high *13+. In another study, young adults who completed resistance or aerobic 
training showed faster reaction times immediately and 30 minutes after their exercise sessions on 
tasks that required visual WM than young adults who were in a seated rest condition *14+. The 
positive effects of exercise on WM also extend to adults across the life span. Across several past 
studies, adults ranging in age from 17 to over 70 years old have exhibited improvements in 
response to physical exercise in their accuracy and response times on tests of auditory WM like the 
Digit Span test, the Sternberg task, and the Paced Auditory Serial Addition Task *15-17+, as well as 
on tests of visuospatial WM *18+. Thus, ample evidence indicates that increasing engagement in 
physical activity and exercise results in improvements in WM. None of these studies, however, 
examined naturalistic differences in WM abilities between individuals who elect to exercise 
frequently and individuals who do not engage in regular exercise routines. 
Students involved in collegiate sports must engage in frequent exercise, but few studies have 
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directly examined WM in amateur collegiate athletes. The limited number of studies that have 
evaluated WM-related task performance in athletes have examined differences across a variety of 
athlete groups based on their experience levels within the sport. These studies have supported the 
contention that, similar to exercise, increased participation in sports is associated with better WM 
skills. For example, experienced, expert golfers demonstrate better WM, more advanced problem 
solving, and more economical information processing skills than golf novices *19+. Similarly, expert 
martial artists are better able cognitively to process two different but related tasks simultaneously 
on a continuous performance task and on a cued continuous performance task compared to 
novices at the sport *20+. Thus, professional athletes appear to have better executive functioning 
skills than their non-professional-athlete peers. In a study that examined a general group of 
athletes who competed in volleyball or karate, both sports that require a high level of reactivity, 
individuals with greater athletic experience had faster WM reaction times than novice athletes, but 
they also made more errors when required to divide their attention *21+. These strong WM skills 
appear to put athletes at an advantage. Bijleveld & Veling *22+ found that WM capacity was 
positively associated with rapid decision making in tennis players and suggested that WM might be 
an important factor separating chokers from non-chokers during competition. Additionally, Furley 
& Memmert *23+ found that basketball and ice hockey players with high WM capacity 
demonstrated better complex WM and decision-making particularly in the presence of auditory 
distractions while engaged in a basketball task than players with lower WM capacity. 
Together these past studies suggest that physical activity improves WM performance and that 
increased involvement and expertise in sports also corresponds with better WM skills. However, 
none of these past studies separated the role of regular physical activity and exercise from that of 
participation in formal sports by including an exercising non-athlete control group against which to 
compare the athletes. For example, Furley & Memmert *23+ administered a visuospatial WM test 
to college athletes involved in team-ball sports and to non-athlete college students who never 
participated in team-ball sports. They found no differences in visuospatial WM between these two 
groups of students. They attributed their non-significant finding to the sequential nature of the 
WM assessment measure they used, which, they argued, does not parallel the type of visuospatial 
WM skills required when playing basketball *23+. Another study compared the WM capacity of 
non-athlete college students to that of team sport athletes and found no significant differences 
*24+. In both of the above studies, the researchers did not characterize the exercise habits of their 
non-athlete college students. Thus, it is possible that their athletes and non-athletes were similar 
in the amount of physical activity they engaged in, minimizing differences between the groups in 
WM. This raises the possibility that the intense regular exercise engaged in by professional or 
amateur college athletes may account for the superior WM and executive functioning skills 
documented in past studies rather than these skills being attributable to involvement in sports 
per se. 
Given the past literature, the first goal of our study was to determine whether amateur athletes 
involved in college sports outperform college students who exercise regularly in their auditory and 
visual WM, and whether non-athlete students who choose to engage in physical activity on a 
regular basis outperform those non-athlete students who do not exercise regularly on a variety of 
WM tests. We hypothesized that engagement in exercise, even by non-athletes, would correspond 
with better WM skills and that involvement in formal sports would confer additional advantage to 
WM performance. Thus, we hypothesized that athletes would outperform non-athletes and that 
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non-athletes who exercise regularly would outperform non-athletes who do not exercise regularly 
on tests of WM. 
If athletic participation itself contributes to the enhanced WM abilities of athletes, this may be 
due to the WM demands associated with competitive sports. One past study suggested that 
athletes who compete in sports that require more WM capacity score higher on tests of WM 
ability than other athletes *24+. Outside of this particular study, however, this phenomenon has not 
been explored in the literature. Thus, the second goal of our study was to determine whether 
participation in team-focused sports versus solo sports related to differences in auditory or visual 
WM. We defined team-focused sports (such as, football, basketball, soccer and volleyball) as those 
that require individuals to interact with their teammates to achieve their athletic goals while 
simultaneously working against another team of opponents, whereas we defined solo sports (like 
tennis, swimming, or running track or cross country) as those that primarily depend on individual 
performance for success. Although all sports likely require strong WM skills, WM demands may be 
greater for amateur athletes involved in team-focused sports than those involved in solo sports. 
With large numbers of players (both teammates and opponents) to track simultaneously and with 
many irrelevant distractions from other athletes and crowds, team-sports athletes may gain more 
experience with their visual and auditory WM skills while practicing and competing than their solo-
sport athlete peers. Thus, we hypothesized that team-sports athletes would perform better on 
auditory and visual WM tests than solo-sports athletes. 
The third goal of our study was to investigate whether gender plays a role in the hypothesized 
relationships between exercise, athletic involvement and WM. Previous research has identified 
gender differences in exercise‐related beliefs and exercise behaviors in non-athletes *25, 26+, 
motivation for participation in collegiate athletics *27+, perception and interpretation of 
competitiveness in college athletes *28+, and goal orientation and attributional style within 
competitive vs recreational sports *29+. Past research has also documented significant gender 
differences in the auditory, visual and spatial WM abilities of college students in general *30-32+. 
Because gender relates to both WM skills and to exercise and sports participation, we aimed to 
determine whether the relationships between exercise, athletic involvement and WM were similar 
or different across male and female college students. 
2. Materials and Methods 
2.1 Participants 
We recruited 153 college student participants from multiple sources. Students in introductory 
and lower level psychology courses completed a packet of pre-testing questionnaires that included 
items asking about their physical activity/exercise levels and their participation in organized 
collegiate athletics. We invited students who reported frequent (exercise three or more days a 
week) or infrequent (exercise less than once a week) physical activity or who identified themselves 
as being on the roster of an amateur National Collegiate Athletic Association (NCAA) or club sport 
team at the university to participate in the study. We also utilized official team rosters and emailed 
university athletes to invite them to participate. Based on their self-reported exercise frequency 
(non-athletes) and verification with online team rosters (athletes), we classified our 153 
participants into one of four groups: (a) Team Sports Athletes (TSA) (b) Solo Sports Athletes (SSA) 
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(c) Non-Athlete Frequent Exercisers (FE), and (d) Non-Athlete Infrequent Exercisers (IE). We 
defined team sports as those that require individuals to interact with their teammates to achieve 
their athletic goals and to assess the location or status of multiple members of the opposing team 
frequently during play. Examples of team sports included: football, basketball, soccer and 
volleyball. We defined solo sports as those in which athletic achievement primarily depends on 
individual performance. Examples of solo sports included: tennis, swimming, running track and 
cross-country. 
2.2 Materials 
2.2.1 Demographic Characteristics and Physical Activity  
All students completed a demographic questionnaire that asked their age, gender, ethnicity and 
year in college. The physical activity section of the questionnaire consisted of items inquiring about 
their intensity and frequency of physical activity and their participation in collegiate sports. 
Athletes indicated the specific sports in which they participated, denoting their “primary” sport, 
which we used to classify them as a team-sports or a solo-sports athlete.  
2.2.2 Working Memory 
Digit Span (DS). On the DS subtest from the Wechsler Memory Scale-Third Edition *33+ 
participants hear increasingly longer sequences of single digit numbers. For the first portion of this 
test, participants repeat the sequence out loud in order of presentation (forward span). For the 
second portion, they recite the sequence in reverse order (backward span). 
Paced Auditory Serial Addition Test (PASAT). During the PASAT *34+, participants hear a 
sequence of single digit numbers. They add adjacent digits together and verbally report the sum. 
While calculating the sum, they must also remember the last digit they heard in order to add it to 
the next number presented. The digits occur three seconds apart during the first trial (PASAT 3) 
and two seconds apart during the second trial (PASAT 2). 
Spatial Span (SS). Also from the Wechsler Memory Scale-Third Edition *35+, a visual analog of 
the DS test, during the SS subtest, participants watch the examiner tap increasingly longer 
sequences of raised, blue blocks positioned arbitrarily on a white board. Participants tap the blocks 
in the same order they witnessed (forward span) or in the reverse order (backward span).  
N-Back. During the N-Back *36, 37+, participants view a series of letters that appear serially on a 
computer screen. Their task is to inform the examiner whenever a letter is identical to the letter 
that came immediately before it (1-back). In subsequent trials, the task becomes more difficult as 
participants attempt to inform the examiner when the letter matches the one that came two 
before it (2-back) or three before it (3-back). 
Wisconsin Card Sorting Test (WCST). The WCST *38+ is a test of flexibility of thinking and of the 
complex problem-solving component of WM. Participants view a set of four key cards on a 
computer screen. They then see a single stimulus card that shares attributes with some or all of 
the key cards. Participants must make a match between the stimulus card and the one key card 
they believe it matches. They are not told how to sort the cards, but after each response, they 
receive feedback from the computer about whether their sort was correct or incorrect. Using this 
feedback, they must determine the correct sorting rule. After they make a specified number of 
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correct sorts using the first rule, the rule for sorting the cards changes without forewarning. They 
must then identify a new sorting rule and apply it consistently until the rule changes again. 
2.3 Procedure 
In accordance with the Institutional Review Board approved research protocol, participants 
completed an individual testing session lasting approximately one hour and were paid a small sum 
or awarded extra credit in a psychology course for their participation. After giving informed 
consent, participants completed the demographic questionnaire and the five tests of WM.  
2.4 Design and Analyses 
This cross-sectional, correlational study involved two between-subjects independent variables: 
group (team-sports athletes, solo-sports athletes, frequent exercisers, and infrequent exercisers) 
and gender (male versus female). The study included seven WM outcome measures: Digit Span 
total score (forward span + backward span), PASAT total score (3 second + 2 second), Spatial Span 
total score (forward span + backward span), N-Back total score (1-back + 2-back + 3-back), as well 
as total correct, non-perseverative errors and perseverative errors on the WCST. Because all of 
these outcome measures assessed similar constructs, we analyzed the data with a 4 (Group) x 2 
(Gender) multivariate analysis of variance (MANOVA) with the seven outcome measures serving as 
dependent variables. We used a MANOVA to maximize our power to detect significant effects. We 
used Wilks’ Lambda to correct for possible violations of the assumption of homogeneity of 
treatment difference variances when determining statistical significance. When justified by 
significant interaction effects in the MANOVA, we ran simple main effect analyses followed by 
group comparisons using Tukey’s test to control the probability of committing a Type 1 error.  
3. Results 
3.1 Demographic Comparisons 
Table 1 summarizes the demographic characteristics of the male and female participants within 
each of the four athlete/exerciser groups. Gender was not distributed evenly across the four 
athlete/exercise groups (χ2 (n = 153, df = 3) = 12.92, p < .01), but the distribution of ethnicity was 
statistically equivalent across all eight groups, χ2 (n = 153, df = 18) = 15.76, p = .61. Similarly, the 
eight athlete by gender groups were not statistically different in age or class year (all main and 
interaction effect ps > .05).  
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Table 1 Demographic characteristics and working memory means (SEs) of the male and 
female participants in each of the four athlete/exerciser groups. 
 
 Group Means (SE) (n=153) 
 Athletes (n=77) Non-Athletes (n=76) 
 Team Sports  
Athletes 
(n=42) 
 Solo Sports  
Athletes 
(n=35) 
 Frequent  
Exercisers 
(n=43) 
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3.2 Working Memory 
Scores on the seven tests of WM are also summarized in Table 1. Scores on all of the WM 
measures were available for 147 participants. 
In the multivariate analysis, there was no significant main effect of group (F (21, 382.45) = 1.35, 
p = .14, ηp
2 =.07), but a significant main effect of gender emerged, F (7, 133) = 3.41, p < .01, ηp
2 
=.15. Univariate analyses indicated gender differences on the PASAT (F (1, 139) = 16.10, p < .001, 
ηp
2 =.10) and on the Spatial Span Test, F (1, 139) = 6.80, p = .01, ηp
2 =.05. Males outperformed 
females on both of these measures of WM. 
In addition to the main effect of gender, the group by gender interaction reached statistical 
significance in the MANOVA, F (21, 382.45) = 1.85, p < .05, ηp
2 =.09. The associated univariate 
analyses revealed significant group by gender interactions for both Digit Span (F (3, 139) = 2.93, p 
< .05, ηp
2 =.06) and Spatial Span, F (3, 139) = 4.37, p < .01, ηp
2 =.09. Additionally, there was a strong 
trend towards a significant group by gender interaction for WCST non-perseverative errors, F (3, 
139) = 2.28, p = .08, ηp
2 =.05. Figure 1 displays the average scores of each of the eight 
athlete/exerciser by gender groups on these three tests. 
Follow-up simple main effect analyses examining group differences separately for the men and 
women in the study indicated that athletic participation and exercise did not affect the WM 
abilities of female participants as measured by the Digit Span test (F (3, 83) = 0.46, p = .72, ηp
2 
=.02), the Spatial Span test (F (3, 83) = 1.20, p = .32, ηp
2 =.04), or non-perseverative errors on the 
WCST, F (3, 83) = 1.46, p = .23, ηp
2 =.05. In contrast, group membership had a significant impact on 
the WM of men on both the Digit Span test (F (3, 56) = 4.50, p < .01, ηp
2 =.19) and the Spatial Span 
test (F (3, 56) = 4.62, p < .01, ηp
2 =.20), but not on the WCST, F (3, 56) = 1.26, p = .30, ηp
2 =.06. Post 
hoc comparisons using Tukey’s test revealed that males in the TSA group scored significantly higher 
on the Digit Span test than male participants in the SSA group, p < .05. Males in the FE and IE 
groups did not differ significantly from either of the athlete groups or from each other in their Digit 
Span scores. For Spatial Span, the pattern of results was somewhat different. Male participants in 
the IE group significantly outscored male participants in all three of the other groups on this 
measure, (all ps < .05); the male TSA, SSA, and FE groups performed similarly, and not significantly 
differently from one another, on the Spatial Span test.   
When we examined gender differences within each group, TSA men outperformed TSA women 
on the Digit Span test (F (1, 38) = 5.68, p < .05, ηp
2 =.13), whereas no gender differences emerged 
within the other three groups on this measure. For Spatial Span, IE men outperformed IE women, 
(F (1, 31) = 11.97, p < .01, ηp
2 =.28), but no gender differences were apparent for the TSA, SSA or FE 
groups. No gender differences emerged within any of the athlete groups for WCST non-
perseverative errors. 
  




Figure 1 Group by Gender Interactions on (a) Digit Span, (b) Spatial Span, and (c) WCST 
non-perseverative errors. Error bars represent + 1 standard error of the mean. 
Significant differences (p < .05) between groups are denoted with asterisks. 
Specifically, Male Team Sports Athletes significantly outscored Male Solo Sports 
Athletes on the Digit Span test (Panel a), and Male Infrequent Exercisers significantly 
outscored all three other male groups (Team Sports Athletes, Solo Sports Athletes and 
Frequent Exercisers) on the Spatial Span test (Panel b). None of the follow-up 
comparisons reached significance for WCST non-perseverative errors (Panel c). 




We examined the auditory and visual WM skills of competitive amateur collegiate athletes 
involved in either team sports or solo sports and compared them to the WM skills of non-athletes, 
some of whom exercise frequently and some of whom exercise infrequently. We additionally 
explored the potential role of gender in the relationships between athletic participation, exercise, 
and WM. Our goal was to separate the effects of frequent exercise on WM from the effects of 
participation in competitive sports, since past research has not examined this potential 
confounding factor *13-17+. We also aimed to examine the effect of frequent exercise on WM 
abilities in a naturalistic setting since past research has typically experimentally controlled physical 
activity levels when investigating how they impact WM *19, 20, 23, 24+. Consistent with our 
expectations, athletic involvement, exercise habits and gender all related to WM performance. 
However, the nature of these relationships did not always support our hypotheses. Only male team 
sports athletes demonstrated an auditory WM advantage, and visual WM skills were strongest in 
male college students who exercise infrequently, rather than frequently. Consistent with the past 
literature *30-32+, we documented gender differences in some aspects of WM, with males 
performing better than females on tests of both auditory (PASAT) and visual (Spatial Span) WM. 
More importantly, and consistent with our hypothesis, we found that the relationships between 
athletic participation, exercise and WM depended on gender.  
Our results do not suggest that participation in formal athletics globally relates to better WM. 
We did not find any differences in WM between women based on their athletic or exercise status. 
All four of the female groups (team-sports athletes, solo-sports athletes, frequent exercisers and 
infrequent exercisers) performed similarly on seven measures of WM. In contrast, for men, 
participation in team-sports athletics was associated with enhanced auditory WM compared to 
participation in solo-sports athletics. Although this suggests that competing in team sports, which 
may exert heavy demands on working memory, may result in better WM skills, our results are 
correlational. We cannot determine whether young men with better auditory WM are more likely 
to excel at and participate in team sports, whether participation in team sports improves auditory 
WM, or whether a combination of these two possibilities is true. Regardless of the reason for this 
finding, our results suggest that the type of athletic involvement (team-based sports versus solo 
sports) may be an important variable to consider in future research focused on the WM abilities of 
athletes since the two athlete groups in our study varied in their auditory WM skills.  
Considering our data from a different angle, men involved in team-based sports outperformed 
women involved in team-based sports on the Digit Span test. Perhaps this reflects differences in 
the WM demands associated with the particular sports our male team-sports athletes competed in 
(e.g., football) versus those our female teams-sports athletes competed in (e.g., volleyball). These 
sports could differ in their reliance on or potential to improve WM skills, but further research 
would be necessary to address this possibility.  
Even though male team-sports athletes outperformed male solo-sports athletes on the Digit 
Span test, their auditory WM abilities were not significantly better than their non-athlete male 
peers who exercised frequently or their non-athlete male peers who exercised infrequently. We 
also failed to find the hypothesized advantage in WM for non-athlete men or women college 
students who elect to include exercise in their regular routine versus their non-athlete peers who 
do not. In fact, contrary to our hypothesis, males who exercise infrequently performed better on 
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the Spatial Span WM test than male team-sports athletes, solo-sports athletes and non-athletes 
who exercise frequently. Thus, we did not find that exercise in and of itself corresponded with 
enhanced WM, contrary to past studies in the literature that have documented improvement in 
auditory and visual WM in response to experiment-induced increases in physical activity *25-27+. 
One possible explanation for this contradictory result may be that, in past studies, improvements 
in WM occurred relative to each individual’s baseline skills in response to the increased levels of 
physical activity demanded by the experiment, but individual differences in naturalistic exercise 
habits do not similarly correspond to notable between group differences in WM.  
5. Limitations and Future Research 
Prior to generalizing our results to all college students or young athletes, it is important to 
consider the limitations of our study. We recruited the participants in this study from a small liberal 
arts university with a somewhat limited number of sports options available to them. Therefore, 
these results need to be considered within this particular context and should be compared to 
those from athletes from larger universities with multiple sports or physical activity options 
through future research initiatives. Additionally, because our participants were all college students, 
they were amateur, not professional athletes. Our results may not generalize to athletes who 
participate in team-focused or solo sports professionally.  
Our study was also limited by the way in which we classified our participants into groups. We 
did not ask the amateur collegiate athletes who participated in our study whether they competed 
in more than one sport. Participating in an NCAA-level sport is demanding and likely leaves little 
time for additional athletic participation, but the club sports athletes in our sample may have 
engaged in more than one sport that might have fit another category (team-based or solo), 
potentially confounding our results. We also classified participants into frequent exercisers and 
infrequent exercisers based on their self-reported exercise habits rather than collecting objective 
data on how frequently students in our study engaged in regular physical activity. Because 
students may have misrepresented their typical exercise routines due to subtle biases in their self-
reports, we selected extreme groups to include in our sample to prevent misclassification of non-
exercisers as exercisers and vice versa. 
Although our sample size was fairly large (n = 153), the gender distribution across our groups 
was imbalanced. Thus, some of our cell sizes were fairly small. As such, our results, particularly 
those that failed to reach significance, may reflect our limited sample size and the associated lack 
of power rather than a lack of true differences amongst athlete and exercise groups in the general 
population. Our sample also may not have been fully representative of the full range of college 
athletes, nor of frequent vs infrequent exercisers. We recruited athletes directly from rosters; 
some teams were responsive and others were not. Most of our non-athletes came from a pool of 
participants drawn from enrollment in psychology courses at our university. Incorporating a wider 
variety of students (athletes and non-athletes) and a more balanced gender distribution across 
groups in future studies would improve the generalizability of our results.  
6. Conclusions 
Our study highlights differences in WM associated with exercise and participation in formal 
amateur athletics amongst college students. These factors related to both auditory and visual WM 
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for collegiate men, but not collegiate women, suggesting that future studies examining 
relationships between physical activity (athletics or regular exercise) and WM should take gender 
into account. We also found differences in WM based on whether our male athletes participated in 
a team-focused sport or a solo-focused sport, indicating that the type of sport an athlete competes 
in is an important consideration in future research examining WM abilities in this population. 
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